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We consider an infrared Lorentz violation in connection with recent results of PVLAS experiment.
Our analysis is based in a relation that can be established, under certain conditions, between an
axial-like-particle theory and electrodynamics with an infrared scale. In the PVLAS case, the
conditions imply two dispersion relations such that the infrared scale |~θ|, the inverse axion-photon
coupling constant M−1 and the external magnetic field ~B can be connected through the formula
|~θ| = | ~B|/M . Our analysis, which only requires a non-dynamical (auxiliar) axial-like field leads to
|~θ| ≤ 5.4× 10−7 meV and M−1 ∼ 1.2× 10−3 GeV −1.
I. INTRODUCTION
Last year the PVLAS collaboration [1] reported that
when a linearly polarized laser light crosses a region
where there is a transverse magnetic field, a tiny rota-
tion of the polarization plane and a birefringence is ob-
served. This result prompted much activity in high en-
ergy physics because it is an unexpected signal within
the standard quantum electrodynamics [2].
More recently the PVLAS team [3] did an update of
the previous results and although the rotation of the po-
larization plane was not reconfirmed, a background ellip-
ticity was measured implying a birefringence bound 104
more bigger than the standard quantum electrodynamics
prediction [4, 5, 6] and, therefore, an explanation out of
the conventional physics seems still to be necessary.
Several groups have proposed different explanations for
the experiment based in axion-like particles (ALP) [8],
millicharged particles [9], chameleon fields [11] or refine-
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ments of the previous ones.
In this note we would like to study quantum electro-
dynamics with an infrared scale and analyze the birefrin-
gence results in its framework. The possible existence of
an infrared scale in quantum field theory has been dis-
cussed in the literature from different points of view [7],
although in this paper we shall follow [12, 13, 14, 15, 16].
The paper is organized as follow: in section II we
present the electrodynamics with an infrared scale and
how birefringence emerges; we also establish in this
section the conditions under which the infrared modi-
fied electrodynamics becomes equivalent to the ALP ap-
proach. In section III we interpret the PVLAS exper-
iment in terms of the modified electrodynamics and we
establish bounds for the infrared scale and the axion cou-
pling constant. Finally in section IV, we give our conclu-
sions and outlook.
II. INFRARED MODIFIED
ELECTRODYNAMICS
Following [12, 15] the infrared modified electrodynam-
ics is defined through the modified Poisson brackets, i.e.
instead of considering
2[Ai(~x), Aj(~y)] = 0,
[Ai(~x), πj(~y)] = δijδ(~x, ~y), (1)
[πi(~x), πj(~y)] = 0,
one writes the following modified commutation rela-
tions
[Ai(~x), Aj(~y)] = κijδ(~x, ~y),
[Ai(~x), πj(~y)] = δijδ(~x, ~y), (2)
[πi(~x), πj(~y)] = θijδ(~x, ~y),
where κij and θij are the most general 3 × 3 constant
antisymmetric matrices. From the above relations one
can see that the canonical dimensions for κ and θ are
(energy)−1 and (energy)+1 respectively. Therefore, as
both scales are introduced as tiny correction to the
canonical electrodynamics algebra, they can be identi-
fied with an ultraviolet (UV) and an infrared (IR) scale
respectively.
In the IR regime –in which we are interested here– we
choose θij = ǫijkθk and κij = 0 and then the modified
Maxwell equations read
∇. ~B = 0,
∇× ~E = −
∂ ~B
∂t
, (3)
∇. ~E = − ~θ. ~B,
∇× ~B = − ~E × ~θ +
∂ ~E
∂t
.
The first two equations in (3) are the standard ones
while the other two (i.e. the Gauss and Ampere’s laws)
are changed. Actually these last two equations break
explicitly Lorentz invariance and they lead to the two
dispersion relations
ω2± =
~k2 +
~θ2
2
±
√
(~k.~θ)2 +
1
4
(~θ2)2. (4)
The breaking of Lorentz invariance and the two disper-
sion relations can be understood by noting that the mod-
ified Maxwell equations are formally equivalent to the
standard ones but in a medium with −~θ × ~A and ~θA0
playing the role of polarization and magnetization re-
spectively. In such a situation, it is natural to expect
Lorentz invariance violation and birefringence.
It is worth noting that equations (3) can be also derived
from the Lagrangian
L = −
1
4
FµνFµν −
1
2
θµǫ
µνρλAν∂ρAλ. (5)
by taking (θµ) = (0, ~θ). Such a Lagrangian also arises in
the context of the noncommutative field theories [12] and,
moreover, it is the at the basis of the study of Lorentz and
CPT violation developed by Carroll et al [13], Kostelecky
et al [14] and others [16].
Interestingly enough, it is not difficult to find a connec-
tion between the electrodynamics with an infrared scale
discussed above and the ALP model [8]. Indeed, let us
consider the Lagrangian for axions coupled to electro-
magnetism,
LALP = −
1
4
FµνFµν+
1
2
(∂ϕ)2−
1
2
m2ϕ2+
1
4M
ϕ F˜µνFµν ,
(6)
with F˜µν = 1
2
ǫµνρβFρβ , the scalar ϕ is the axion field
and M−1 the axion-photon coupling constant. The cor-
responding equations of motion are
(−m2)ϕ =
1
4M
F˜µνFµν ,
∇. ~E = −
1
M
∇ϕ. ~B, (7)
∇× ~B =
∂ ~E
∂t
+
1
M
(
~E ×∇ϕ− ~B
∂ϕ
∂t
)
,
besides the standard ones, i.e. ∇. ~B = 0 and ∇ × ~E =
−∂ ~B/∂t.
One should note that the last two eqs. in (3) coincide
with the last ones in (7) if one establishes a correspon-
dence
~θ ↔
1
M
∇ϕ. (8)
It should be stressed that θi in the l.h.s. is a constant
parameter introduced through the modification of the
canonical commutation relations (1) or, what is equiv-
alent, through the addition of a Chern-Simons term as in
(5) while ϕ in the r.h.s is the dynamical axion field.
Furthermore, one can connect the Lagrangian (5) for
electrodynamics with an infrared scale with the axion
Lagrangian (6) by means of the identity
F˜µνFµν = 2∂µ
(
ǫµνρλAν∂ρAλ
)
.
Then, the term ϕF˜µνFµν in (6) can be integrated by
parts and written, using the connection (8), in terms of
the space-like vector θµ
(∂µϕ)ǫ
µνρλAν∂ρAλ →Mθµǫ
µνρλAν∂ρAλ.
Components of θµ must be small (tiny actually); corre-
spondingly the∇ϕ components must be small and, there-
fore, the quadratic (∇ϕ)2 term in (6) can be disregarded
while the m2ϕ2 corresponds in fact to a constant which
can be absorbed through a Lagrangian redefinition or
as normalization constant in the path integral approach.
With all this, the Lagrangians (6) and (5) formally coin-
cide.
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is established, the effects which in the former arise due
to a dynamical field can be seen in the later as produced
by the infrared parameter, ~θ. This means that although
the axion interpretation of the PVLAS results seem to
be invalidated by recent experiments [18], our approach
suggests that there is no need of an axion participation
in the birefringence phenomenon reported in PVLAS if
the infrared parameter |~θ| is considered. We discuss this
issue in the following section.
III. INTERPRETING THE PVLAS
EXPERIMENT
In the PVLAS experiment a linearly polarized photon
beam goes trough a region where there is an external
transverse magnetic field. A non-vanishing ellipticity is
observed, which can be attributed to an unusual interac-
tion between photons and the magnetic field. Assuming
this, let us interpret the results in the context of the in-
frared modified electrodynamics presented in the prece-
dent section. To this end, we shall exploit the connection
that we established in the precedent section between this
model and the ALP theory.
Let us start considering the equations of motion for
ALP in the form
ϕ−
1
M
~˙A . ~B = 0, (9)
 ~A+
1
M
ϕ˙~B = 0, (10)
where ~B is the external magnetic field and the Coulomb
gauge have been used.
From these equations one can derive the following dis-
persion relations
ω2± =
~k2 +
~B2
2M2
±
√
|~k|2| ~B|2
M2
+
| ~B|4
4M4
, (11)
which coincide with (??) if one makes the identification
|~θ| ↔
| ~B|
M
. (12)
However, it should be emphasized that (12) selects only
the magnitude of the vectors θ and ~B but not the angles
between them.
In summary, the origin of the θ modification in the
Poisson brackets (2) or in the Lagrangian (5) should be
traced back to the introduction of an external magnetic
field like that in PVLAS experiment.
Relation (12) expresses the IR scale as a connection
between the external magnetic field and the mass scale
and, therefore, its magnitudes cannot be computed di-
rectly. However using the above dispersion relations, one
can find explicit expressions for two different refractive
indices giving rise to birefringence. Indeed, following [17],
we chose ~k . ~θ = 0 and then (??) becomes
ω+ = |~k|, ω− =
√
|~k|2 + |~θ|2, (13)
so that the refractive indices are given by
n+ = 1, n− =
|~k|√
|~k|2 + |~θ|2
≈ 1−
|~θ|2
2|~k|2
. (14)
Consequently, the difference of refractive indices ∆n =
|n+ − n−| results in
∆n =
|~θ|2
2|~k|2
, (15)
Since in the infrared modified quantum electrodynamics
|~θ| sets the energy scale at which Lorentz invariance could
be violated, these relations show that no violation (|~θ| =
0) corresponds, in terms of the external magnetic field,
to ~B = 0.
Following the alternative route given by the ALP
model one should have
∆n =
| ~B|2
2M2|~k|2
. (16)
Relations (15)-(16) are of course independent and can
be used for computing ~θ and M separately. Indeed, from
the PVLAS data we know that
k ∼ 1.2 eV, | ~B| ∼ 448.5 eV2,
With this and the experimental bound for ∆n, ∆n ≤
10−19, one has
|~θ| ≤ 5.4× 10−7 meV, (17)
M−1 ∼ 1.2× 10−3 GeV−1. (18)
The value for M−1 is three orders above the value ob-
tained by the ALP model [10] and hence the axion does
not play, in our approach, any role in the explanation of
the PVLAS experiment. In contrast, the bound for |~θ|,
not discussed previously within the PVLAS context, is
not excluded by any Lorentz violation bound.
IV. CONCLUSIONS AND OUTLOOK
Quantum electrodynamics calculations, as those pre-
sented in refs. [4, 5, 6], lead to results that are four orders
of magnitude below the birefringence values measured
for example in the PVLAS experiment. This clearly
shows that alternative proposals should be investigated
4to explain such experiment and in this sense the possi-
bility of axion-like particle production was an attractive
one. However, as mentioned before, recent “light shin-
ing through a wall” experiments [18] indicate that ALP
should be discarded as an explanation for PVLAS results
and hence new routes different from that of ALP should
be investigated (New experiments in the ALP interpre-
tation will appear the next months, see e.g [19, 20, 21]).
In fact, in the explanation proposed in this paper, based
on a modified version of electrodynamics where an in-
frared scale |~θ| is introduced, possible axial-like particles
are in fact auxiliary and do not take any dynamical role
in explaining the PVLAS experiment.
In our model, birefringence results from the modifica-
tion of the dispersion relations produced by the infrared
scale |~θ|, which in turn is connected to the external mag-
netic field in which the observed phenomenon takes place.
We then conclude that a Lorentz violation such that the
bound (17) holds could be at the root of the PVLAS
results.
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